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AIR FUEL MIXTURE CONTROL SYSTEM AND
| METHOD .

BACKGROUND OF THE INVENTION
(1) Field of the Invention | |

4,350,130

This invention relates to engine fuel control systems |
- value. That is, the zirconium dioxide sensor just pro-

~ which 1ncorporate an air fuel ratto Sensor.
- (2) Prior Art |
Various fuel control systems are known in the pl‘lOI‘

~art in which the quanttty of fuel fed to the engme 18

- controlled by sensors in the exhaust gas which give an
~ indication of the air fuel ratio. Nevertheless, it remains

~extremely difficult to compensate for the ever changing

‘operating conditions of the engine, the variations
- among different engines and so on as to always operate

the engine with-a predetermined- air- fuel ratio. This.
- drawback may become critical when, the engine. is
“equipped with a oatalytlo converter for reducmg unde-'

| srrable components of the exhaust gases.
A w1dely used technique to control the air fuel ratlo
~in stoichiometric . feedback controlled’ fuel metering
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systems is limit oyole mtegral control. The word “feed- -
‘back” 1s. used In. thts context to mdloate the use. .of an air

fuel ratio detected in the exhaust gas to govern the air
 fuel ratio input to the engine. In this technique, there is

- a constant movement of a fuel metenng oomponent ina
| __dll‘eCtIDIl that always tends to counter the instantaneous-

air fuel ratio 1ndtoat1on gwen by a typical two state
_’exhaust gas oxygen (EGO) sensor. For example, every
‘time an EGO sensor indicates a switch from a rich to a

- lean air fuel ratio mode of operation, the direction of
~ motion of a typloal oarburetor S metermg rod reverses

- to create a richer air fuel ratlo condition unttl the sensor
- indicates a change from a lean to a rich air fuel ratio

~ rod is reversed again this time to achieve a leaner air

fuel ratio oondltlon

' Referring to FIGS. 1a and lb step like changes in the-
~ sensor output voltage initiate ramp like changes in the

~ actuator control voltage.’ When using the limit cycle
zlntegral control the desired air fuel ratio can only be
attained on an average basis since the actual air fuel

~ ratio is. made to fluctuate in a controlled manner about

~ the average value. The limit cycle integral control sys-
tem can be charaotertzed as a two-state controller with
| the mode of operation being' either rich or lean. The

25
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“three way catalyst. The window is the chemical compo-
sition of the exhaust gas on which the catalyst can act

most efficiently to reduce any undesirable exhaust. If a

- stoichiometry- only air fuel sensor, such as zirconium
5
.;-"descrlbed limit cycle control in which the air fuel ratio
perpetually osolllates about the desired mean control

dioxide sensor, is used, the typtcal result is the above

V1des an indication of the exhaust air fuel ratio with

respect to stoichiometry by hawng a steep transition in

amplitude at the stoichiometric air fuel ratio. However,

“1f a titanium dioxide air fuel sensor is used, proportional
~ control may be accomplished since the titanium dioxide

sensor provides information on the magnitude of the air

fuel ratlo as well as whether the exhaust air fuel ratio is
.I‘lCh or lean of stoichiometry.

The prior art also teaches that a stowhlometry only

- sensor such as the zirconium dioxide sensor can be used
‘to achieve a type of proportional control. That is, the

zirconium dioxide sensor can be used in a way to pro-
vide some of the additional information provided by a
titanium dioxide sensor. In such a method, the sensor
output signal representing the air fuel ratio is modulated

‘with a wave form with an amplitude larger than the

signal selecting the air fuel ratio and the feedback is

‘used to control the mean air fuel ratio. One such method

uses two. air fuel sensors, one on each or half of an

~engine. For example, in an eight cylinder engine there

30 ‘would be one sensor for each bank of four cylinders.

‘Due- to- the aforementioned time delay through the

engine, care must be taken in the design of a feedback

- controller for use with a sensor providing proportional

35

o _Icondltlon ‘Then, the direction of motion of the metermg |

air fuel information. Typically, an integrator with a low

gain is used as the control element. As a result, the air

fuel ratio in response to a step change in air fuel ratio

~ lasts about five engine transport delay times. If the gain

45

- average deviation from the desired value is a strong
function of a parameter called engine transport delay

time, 7. This is defined as the time it takes for'a change

50

1n air fuel ratio, implemented at the fuel metenng mech-

o -anism, to be recognized at the EGO Sensor, after the
- ;change has taken place. e

‘The engine transport delay time is a fnnctton of the '-

fuel metering system’s design, engine speed, air flow,
and EGO sensor characteristics. A typical time delay is
about 5 to 10 engine: revolutlons ‘Because of this delay
‘time, a. control" system using ‘a limit cyole teohnlque-

55

~ always varies: the air fuel ratio about a mean value in-a

cyclical- manner. . For example a richer fuel ratio is
| ',typlcally followed. by a leaner air fuel ratio with air fuel

‘ratio overshoots occurring durtng the transition. The

60

o shorter the. transport delay time is, the htgher will be the

frequency of rich to lean and lean to rich air fuel ratio

~ the air fuel ratio overshoots

of the integrator is increased to speed the system re-

sponse, oscillations typically occur since the controller

has not accounted for system delay time.

Referrmg to FIG. 2, a typical air fuel ratio feedback
loop is used with a proportional exhaust gas oxygen

sensor. Referring to FIG. 3, the sensed air fuel ratio of

the system of FIG. 2 is shown as a function of time in
response to a step input at time t=0 where the time
delay is denoted as Tp. For the waveform shown in
FIG. 3, the gain of the system of FIG. 2 has been ad-
justed to prevent overshoot. When there is no over-
shoot, the time for the air fuel ratio to settle down to the
desired level is in excess of six time delays. These are
some of the problems thlS invention overcomes.

SUMMARY OF THE INVENTION

ThlS invention reoogmzes that the controller in a
closed loop feedback system can compensate for the
transport delay time and achieve a maximum system

response with no overshoot. To this end, the controller

includes an internal feedbaok loop around an integrator

- which takes the output of a proportional air fuel sensor
‘and develops a control signal. Thus, there is an internal
feedback loop within the feedback path prowded by the

controller.
In accordance with an embodiment of this mventton,

- an air fuel mixture control system for an internal com-
fluctuations -and the smaller. w1ll be the amplltudes of 65

Feedback control of the air fuel ratio is typloally

o ."_-_necessary to achleve operatton in the “wmdow" ofa

bustion engine is coupled to a mixing means for combin-
ing air and fuel into an air fuel mixture for an internal

combustion engine. The control system is also coupled

_to an exhaust means for passing exhaust gases from the
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internal combustion engine. The air fuel mixture control
system includes an air fuel sensor means, an integrator

means and an internal feedback means. The air fuel
sensor means 1s coupled to the exhaust gas means for
providing a signal proportional to the average air fuel
ratio. The integrator means has an input coupled to the
air fuel sensor means for receiving the average air fuel
ratio signal and the output coupled to the mixing means
for providing a control signal. The internal feedback
means 1S coupled from the output to the input of the
integrator means for governing the output of the con-
troller so as to improve response time to a change in the
desired air fuel ratio while reducing overshoot.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a 1s a graphical representation of the EGO
sensor output voltage with respect to time in accor-
dance with a prior art limit cycle control technique;

FIG. 1b is a graphical representation of the actuator
control voltage with respect to time corresponding to
the prior art seénsor output voltage of FIG. 1a;

- FIG. 2 is a schematic block diagram of a prior art air

fuel ratio feedback control loop;

FIG. 3 1s a graphical representation of the air fuel
ratio change with respect to time.of the prlor art system
of FIG. 2; |

FIG. 4 1s a schematlc block diagram of an air fuel
ratio control system in accordance with an embodiment
of this invention; and

FIG. 5 1s a graphical representation of the air fuel
ratio with respect to time of the system of FIG. 4 show-
ing a decreased response time in comparison with the
prior art system of FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

 Referring to FIG. 4, an air fuel ratio controller 10 is
coupled in feedback relationship across an internal com-
bustion engine 11 which receives an air fuel ratio from
a mixer 12 and produces an exhaust gas in conduit 13.
Controller 10 includes a proportional air fuel ratio sen-
sor 14 having an input coupled to conduit 13 and an
output coupled to a summer 15. Integrator 16 has an
input coupled to summer 15 and an output coupled to
mixer 12. A feedback amplifier 17 is coupled from the
output of integrator 16 to an input of summer 15. Mixer
12 also receives an input from a desired air fuel ratio
setting and undesired system noise. The input to mixer
12 is negative from integrator 16 and positive from the
air fuel ratio system set signal.

In operation, feedback amplifier 17 has a gain or
-amplification, D, so that the output of amplifier 17,
Fa(t), is equal to the input to amplifier 17, Fi(t), times
the gain D. If Tpis a time delay between the input and

the output of the engine, a transfer function for ampli-
fier 17 can be defined by:

L()=DE@)=F@)—F (t—Tp)

The characterization of the air fuel ratio as defined by

the exhaust gases in conduit 13 for a step change in fo(t)
1s defined by Fi(t);

L3O =f(D) e[—G(—2Tp)} for 1= 2T5 |

This equation is graphically illustrated at FIG. 5. The
air fuel ratio output of mixer 12 is controlled quickly as
desired with no overshoot. The feedback cannot con-
trol the output of f3(t) for time less than two times Tp.

5

10

15

20

25

30

35

4

This 1s 80 because at time t=Tp the noise is detected
and another Tp is required for.correction to propogate

to the engine output.
‘The feedback equation characterizing the circuit of

FIG. 4 1s, in general,

]

= L+ Tp) + At + Tp) =

L 10) + Jold) — St — Tp)

If the noise of {, is sinusoidal, the output of f3(t) will
be, for large gain: |

() =sin (M —b)—sin '(u—' 26)

where A is the angular frequency of the noise and ¢ is
equal to A times Tp.

- The feedback correction supplied to mixer 12 by the
output of integrator 16, is out of phase with the input
supplied through a positive input of mixer 12 because of
the time delay. If ¢ is significant and A is well known, it
is possible to retard the feedback correction so that ¢
equals 27 and the feedback completely corrects the
noise,

In general the gam G of integrator 16 is chosen as
small as feasible to insure adequate system response.
This is done because over a transient driving cycle the
actual time delay might differ from that calculated by
the controller 10.

A time delay can be implemented using analog com-
ponents but is more advantageously implemented using

a digital component such as a micro computer because

of improved ease and accuracy. The input can be sam-
pled, stored in a memory register and then an output
value generated a predetermined number of clock
pulses later.

Various modifications and variations will no doubt
occur to those skilled in the art to which this invention
pertains. For example, the particular method of generat-

Ing a signal proportional to the average air fuel ratio
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may be varied from that disclosed herein. For example,
proportional air fuel sensor 14 may also be implemented
by applying various mathematical processing tech-
niques to the output of an air fuel sensor which can
sense only whether a particular air fuel ratio is above or
below a stoichiometric operating condition. These and
all other variations which basically rely on the teach-
ings through which this disclosure has advanced the art
are properly considered within the scope of this inven-
tion as defined by the appended claims.

I claim:

1. An air fuel mixture control system for an internal
combustion engine coupled to a mixing means for com-
bining air and fuel into an air fuel mixture for the inter-
nal combustion engine, and an exhaust means for pass-
ing exhaust gases from the internal combustion engine,
sald air fuel mixture control system including:

an air fuel sensor means coupled to the exhaust gas

means for providing a signal proportional to the
average air fuel ratio;

an 1ntegrat0r means having an 1nput coupled to said

air fuel sensor means for receiving said average air
fuel ratio signal, and an output coupled to the mix-
ing means for providing a control signal;

a feedback means coupled from said output to said

input of said integrator means for governing the
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output of said control system so as to Improve
‘response time to a change in the desired air fuel
‘ratio while reducmg the overshoot;

said feedback means having a transfer function de-

~ fined by fy(t)=fi(t)—f; (t—Tp) wherein f2(t) is the >

output of said feedback means at time (t), fi(t) is the
mput to said feedback means at time (t), Tpis the
time delay between changes initiated in the engine

“and detected in the exhaust; and 10
said control system being characterized by the equa-
tlcn |
G a7 3+ TD) +}f3(f._+ D) = _ | 15
LA T
G dt’° o T D)

wherein G is the gain of the integrator; f,(t) is the noise 20
input to the mixing means at time (t); f3(t) is the output
at the exhaust means at time (t). | |
2. An air fuel mixture control system as recited in
claim 1. wherem said air fucl sensor means includes a
 titanium dioxide sensor which provides an cutput pro-
pcrttcnal to the air fuel ratio.
3. An air fuel mixture control system as reclted in
~claim 2 wherein sald air fuel means includes:

25

a Zirconium dlcmde sensor which provides. an 1ndlca- 30

“tion whether the air fuel ratio is rich or lean of
stclchlcmetry, and |
‘an averaging means ccupled to the cutput of said
zirconium dioxide sensor fcr calculatmg an aver-
~age air fuel ratio. | 35
4. A method for controlling the air fuel mixture fcr an
1nterna1 combustlcn engine. mcludmg the steps of:

40
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6
mixing air and fuel into an air fuel mixture for the
internal combustion engine;

| passmg exhaust gases frcm the internal combustion

engine;

sensing the exhaust gases of the internal combustion

- engine with a titanium dioxide Sensor;

generating an output signal proportional to the aver-
age air fuel ratio supplied to the internal combus-
tion engine;

_' .lntegratmg the proportional signal to produce a con-

trol signal of governing an air fuel mixture:

feeding back a portion of the integrated ccntrcl signal

to modulate the signal to be integrated thereby

_1mprov1ng the response of the control signal to a
change in the desired air fuel ratio while reducing
undesired overshoot in accordance with a transfer
function defined by fy(t)=f1(t)—f1(t— T p) wherein
f2(t) is the signal being fed back at time (t) to modu-
late the signal being integrated, fi(t) is the portion
of the integrated control signal being fed back at
time (t), and Tpis the time delay between changes
initiated in the engine and detected in the exhaust:
and |

said method for controlling the air fuel mixture being
in accordance with the equatlcn

= L A+ Tp) + filt + Tp) =

& I + folD) = folt — Tp)

wherein G is the gam of the step of i 1ntegratlng, fﬂ(t)
‘1S noise input present at the step of mixing the air
and fuel at time (t); and f3(t) is the output signal at
time (t) associated with the step of generating an

-output proportional to the air fuel mixture.
| ¥ ok k k ¥
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